NASA Technical Memorandum 74083

CONCORDE NOISE-INDUCED BUILDING VIBRATIONS
INTERNATIONAL AIRPORT DULLES - FINAL REPORT

- 78-10339

NASA-TH-740813) CONCORDFE KOISZ2~-INDUCED N

éUILDING VIBRATIONS: INTERNATICNAL AIRPORT

DULLES Final Report (KASA) 19 p HC AQ2/MF

A01 CSCL 20A Unclas
G3/71 52100

Staff-Langley Research Center

SEPTEMBER 1977

Nationai Aeronautics and
Space Administration

Langiey Research Center
Hampton Virginia 23665



CONCORDE NOISE-INDUCED BUILDING VIBRATIONS
INTERNATIONAL AIRPORT DULLES - FINAL REPORT
By Staff-Langley Research Center*

SUMMARY

The National Aeronautics and Space Administration (NASA) conductéd
a series of studies to assess the noise-induced building vibrations
associated with Concorde operations. The vibration levels of windows,
walls, and floors were measured along with the associated noise levels
of Concorde, subsonic aircraft and some nonaircraft events. Test sites
included Sully Plantation which is adjacent to International Airport
Dulles (IAD) and three residential homes located in Montgomery County,
Maryland. The measured vibration response levels due to Concorde operations
were:

0 higher than the levels due to other aircraft

o less than the levels due t:: certain household events which involve
direct impulsive loading such as door and window closing

o less than criteria levels for building damage

o comrarable to levels which are perceptible to people
INTRODUCTION

Measurements of Concorde noise-induced building vibrations were
conducted by the National Aeronautics and Space Administration (NASA) for

the DOT/FAA as part of the Concorde assessment program. Measurement sites
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for the vibration assessment are shown in figure 1 which locates the buildings
relative to departure paths at IAD. The first study was carried out at

Sully Plantation, Chantilly, Virginia, and included both arrival and departure
operations during the period of May 20 through May 28, 1976. The results

were reported in NASA TM X-73919. A second study was conducted at Sully
Plantation from June 14 to June 17, 1976, to expand the noise and vibration
data base on departure operations which had levels that greatly exceeded

those due to arrival operations. The results were reported in NASA TM X-73926.
Sully Plantation was chosen for the first series of tests because of its
proximity to the airport (approximately 5.6 kilometers (3.0 nmi) from brake
release) and because of the public interest in this recently restored
historical landmark. A third series of tests was conducted to monitor noise
and vibration response in more typical residential type homes located at
various distances from the airport. Three homes in Montgomery County,
Maryland, ranging from 21 to 31 kilometers (11 to 17 mmi) were identified

by the FAA as potential test sites. In each case, concern about building
vibrations had been expressed by the occupants who were willing to offer

their homes as test sites. The results from this third study were reported

in NASA TM X-73947.

The approach followed in the assessment of Concorde noise-induced
building vibrations involved: the development of functional relationships
("signatures") between the vibration response of building elements and the
outdoor and/or indoor noise levels for avents of interest and the comparison
of Concorde-induced responses with the responses associated with other
aircraft as well as common domestic events and/or criteria. A summary of

recorded events is listed in Tablie I.



Detailed information on building locations, structural details,
test procedures, instrumentation, and data acquisition is given in the

cited NASA reports which are available upon request.
RESULTS AND DISCUSSION

Noise-Induced Vibration

The building vibration characteristics associated with Concorde and
other noise events were studied by examining the "response signatures."
As previously indicated, the signature is simply the relationship between
the vibratory response and the sound pressure level and provides a
comparison of the relative effectiveness of each noise for generating
vibration over a range of noise levels. Representative signatures measured
on a north window at Sully Plantation aré shown in figure 2 for the Concorde
and subsonic aircraft departures. Several data points were obtained for
each aircraft departure. The solid 1ine represents a least squares fit
of the composite Concorde data points (5 flights) and the dashed curve
represents the collective response signatures for the subsonic aircraft
(39 flights). These and other data collected at Sully Plantation and
Montgomery County suggest that the vibration response to aircraft noise can
be approximated by a linear relationship between the acceleration level
and the overall sound pressure level. Furthermore, the differences in
response signatures between the various aircraft were relatively small at
Sully Plantation and such differences, if tiey exist, could not be detected
in the Montgomery County data. On an absolute basis, however, the maximum
or peak Concorde noise and induced vibration levels exceed those of the

subsonic aircraft in all cases.



The similarity in the response signatures for Concorde and the subsonic
aircraft may be explained by examining the spectral characteristics of the
noise. The frequency content of the Concorde noise relative to the noise
from the other aircraft is shown in figures 3(a) and 3(b). The spectra
have been normalized to the overall noise level to enable a direct comparison
between aircraft at both locations. As can be seen, the low-frequency
characteristics of the Concorde and the subsonic aircraft are similar. This
would suggest that the vibration response due to Concorde and the subsonic
aircraft «ould be similar for a given overall sound pressure level.

The maximum noise and vibration levels recorded at Sully Plantation
and the test sites in Montgomery County are summarized in figure 4 for
aircraft events. As previously noted, the noise levels and, hence, the
vibration levels resulting from Concorde operations exceeded those of the
subsonic aircraft. Furthermore, the relative differences in maximum levels
were found to be greater in Montgomery County than at Sully Plantation.

With respect to the vibration resulting from nonaircraft events, Table II
includes a summary of the maximum vibration levels associated with several
common household events as well as aircraft events. As noted, various
(nonacoustical) direct impulsive type loadings which occur on a building
due to the closing of doors and windows, dropping of a book, etc., can

generate vibratory levels equal to or exceeding those due to aircraft noise.

Vibration Effects
A comprehensive review of the effects of low-frequency noise on building
structures and people is given in the final Concorde Environmental Impact
Statement (EIS). Representative measurements from the present study were

selected for analysis in order to determine if the levels of vibration due



to Concorde operations represent potential adverse impacts, either due to
structural damage or to human perception and reaction.

Structural response.- For structural damage prediction, the safe

structural limit recommended by the Bureau of Mines for blasting vibrations
is 2.0 inches per second particle velocity. This limit would prevent
plaster cracking, broken windows, masonry cracks, and other damage to
buildings. A lower limit of 1.0 inch per second particle velocity is the
accepted practice for longer duration exposures such as an aircraft over-
flight. This limit of 1.0 inch per second is shown in figure 5 in terms

of vibration level and vibration frequency. Also shown on this figure

are the "worst” case or maximum levels that were measured during the present
study for window, wall, and floor at Sully Plantation during Concorde
departure operations. The measured leve]é are about a factor of 20 to 30
less than the damage criteria 1imit and no damage to such building structures
would be expected due to the Concorde levels measured.

Human response.- Numerous studies have been made to establish perception

thresholds and degree of annoyance to different types of vibration stimuli.
These studies are reviewed in the final Concorde EIS and relevant criteria
are reproduced in figure 6. Also shown on this figure are the "worst" case
or maximum wall vibration levels that were measured during Concorde departure
operations at Sully Plantation (figure 6(a)) and for the three test sites in
Montgomery County (figure 6(b)).

Comparison of these measurements with the criteria shows the levels to

be comparable to levels which are perceptible to people.



CONCLUDING REMARKS

The following conclusions are based on building vibration response
measurements at Sully Plantation which is adjacent to International Airport
Dulles and at three residential homes located in Montgomery County, Maryland:

1. The vibration response of building elements consisting of windows,
walls, and floors appear to be directly proportional to the sound pressure
level of the aircraft noise and virtually independent of aircraft type.

2. Concorde operations resulted in higher noise levels and,
consequently, higher vibration levels than subsonic jet aircraft.

3. Certain household events which involve direct impulsive loading
such as door and window closing resulted in response levels equal to or
higher than those associated with Concorde operations.

4. Comparison of the response levels with structural damage criteria
shows the measured responses to be less than those expected to cause damage
such as cracked plaster or broken windows.

5. Al1l measurements were below the International Standard Organization's
threshold of perception.

6. Most measurements were close to or below the International Standard

Organization's proposed "minimum complaint level."



TABLE I. SUMMARY OF RECORDED EVENTS

Subsonic Special
Location Aircraft Concorde Events Total
Sully
Plantation 121 7 21 149
Montgomery
County, Md. 36 14 42 92
TOTAL 157 21 63 241



TABLE II.- MAXIMUM VALUES OF VIBRATION

Acceleration, gyye

Location Activity Window Wall Floor
Concorde 0.432 0.048 0.166
Other Aircraft 0.229 0.023 0.046

S Road Traffic <0.013 <0.013 <0.013

ully

Plantation Tour Group <0.013 <0.013 0.068
Vacuum Cleaner 0.105 0.025 0.065
*Book Drop ———- 0.18 3.8
*Step From Chair —— <0.04 1.0
Concorde 0.12 0.038  --—---

Montgomery Other Aircraft 0.02 <0.005  -----

County *Door Closing 0.7 0.9  -e---
*Window Closing >1.0 0.2 W e----
*Window Washing 0.168 0.012  -----

*Acceleration Peak Values
<Less Than

>Greater Than

----- Not Measured



Curve

TABLE III.- LEGENDS FOR FIGURES 6(a) AND 6(b)

Criteria for Vibration Environmental - Horizontal Motion

Description
ISO "Reduced - Comfort" Boundary 16 Min/Day Exposure

ISO "Reduced - Comfort" Boundary Continuous Exposure

Upper’ Bound of Band of "Perceptible Vibration Levels,” NASA
Design Manual

ISO "Threshold of Perception"

Lower Bound of Band of "Perceptible Vibration Levels," NASA
Design Manual

IS0 Draft Proposal (minimum complaint level)
Residential Daytime

IS0 Draft Proposal (minimum complaint level)
Residential Nighttime



&

JUBWSSISSE UOLIRAGLA J0) SUOLIPIO] BILS JUBUBINSEA =" | dd

SOVl

w v e \,,,,%,,,,;EE

-

(

A\

OF POOR QUALITY

ORIGINAL PAGE IS



"uotjejued AL(nS

NE\z:oN 34 gp “1IAT1 NSSId ANNOS

01 011 001 06 08 0L
_ ! _ T T 17
100 - -
(AINO 3GY0INOJ ¥04 @ e
NMOHS SINIOd viva) 7
0 S13r JINOSENS
sws, 10 .
b
-
01 - ]

00T

11|

021

*saunjdedap 404 35u0dsas UOLY24QLA MOPULM Y3dopy =2 34nbLy

briy a4 gp
13IATi
NOI1VYy31300V

1



"uotjejue|d ALINS ‘aunjuaedap 404 Bu309dS ISLOU PIZL|BWJON -"(R)E 34nbL4

ZH ‘AIN3INDIYH ¥3INID ANVE IAVIOO0 QHIHL-INO
0008 000F 000 000T 00 0<¢ <21 €9 g1e 91

1_‘ﬂﬂﬂ_%q1ﬁﬂqq4q‘_1ﬁ_—_ﬁﬂ%_~_an
- OQI
~
/l
2 — 0¢-
— ONI
s13r aINosans — T N - o1-
3040IN0D
o

13ATN
FRNSSI]Hd
aNNos
TIV43A0
al ‘gp

12



‘pueihdely ‘A3uno) Asdwobiuoy ‘saanjaedap Joj eu3dads asLou pazijewdoN -(q)g aunbLy -

ZH ‘AININOIYS ¥IINIO ANVE IAVIOO0 QYIHL-INO
0008 000 0002 0001 00s 0se k74| €9 Q1€ 91
ﬂ_ﬂﬁ—:ﬂ___ﬁﬂj;_ﬁﬂ:ﬁ__i~om-

— OQI

-0¢-

13A31
JUNSSd
—0¢-  ANNOS
TIVY3A0 a4
‘ap

.lO.Hl




*S|3A3| UO}IRUQLA PUR ISLOU PIAUISQO WnuiXey =" 3anbiyg

AINNOD AYIWOILNOW NOILVINVId ATINS (m
"1309¥ 1300V 3SION "1300v  1300¥  3SION z5
VM MOONIM Liv¥ddlY MOONIM Livy0¥IV 2

17— 0 Z 3

— 09 QA
55
4oz
~08
ap ‘1IN
NOI11V3T1300Y
\ < 06 30 13AT
NNSSIAd
aNnos
— 001
VYNV B _
JINOSENS % 011
30400N00 [ ]

il 74|

14



‘abpwep auan3zonuls
bulp(Lng 404 ©LUBILAD YILM BSUOASIL wnwLXew 40 uoStdedwo) -°g aunbi

ZH ‘AON3NDIYA
0001 001 01

_ _ 10
Joo

TIVM

40014

bri 1 au

00T gp ‘73AM

MOQNIM NOI1V¥31300V

0¢1

VIY31140
JOVWVQ 4ONIW

— 0p1

15



(*saA4nd jo uo13dLudsap 404 ]I 3|qel 3aS
"3J0jWOD UBWNY 404 BLUIFLUD YILM 3suodsad wnulxew 40 ucsiaedwo) - (e)g aunbi4

. O =
330N) Mn.muu
2%
X
ZH "'AININDYA m 5
08 09 0€ 02 or 8 S € /A I
Fr 717 T 1 ] ___ﬂ__....vﬂ 09
. - 09
NOILVINVId ATINS
mw. 10 Brip a4 gp
Q 1)
3
a

— 06
340Iv1 INRING
JQYO0INOI A8 @3IINANI

NOILVYEIA TivMm

— 001
\|<
v

- 0l

3T

08 NOI1V¥3130JV

16



(*saAaund> jo uoridiudsap 40} III 8|qej 8dS :330N)
"3404W00 uRWNY U0 BLUDILUD YILM BSuodSad wnwixew 40 uostuedwo) -°(q)9 aunbLy4

ZH ‘AININDIYS
08 (119 oe 0 01 8 S € ¢ I
—\ LI — 1 — _ ﬂ ¥ ﬂ L —w T
AINNOD AYIWOOINOW 3
P ] a _
n\\ P
\Oalno..l q Vd v, _
W\V\lﬂ VI - -\\\ - u U
9 u < Y s\ —
3 Ay
d 9 440PIVL YNIING |

JAEIINOD A8 43N 4NI
--=== .011VdgIA TIYM

Oceee=0 € LIS

Ceoem=a7 ¢ LIS 4\¢
Ore====-0 [ 3lIS

17

0S

09

0L briy a4 gp

RELE]
NOILVY3ITIIV
08

06

001



1. Report Na.
Technical Memorandum 74083

2. Government Accession No.

3. Recipient’s Catalog No.

4. Title and Subtitie

CONCORDE NOISE-INDUCED BUILDING VIBRATIONS
INTERNATIONAL AIRPORT DULLES - FINAL REPORT

5. Report Dets
September 1977

6. Performing Organization Code
2630

7 Author{s)

Staff-Langley Research Center*

8 Performing Qrganization Report No

10. Work Unit No.

9 Performing Organization Name and Address

NASA Langley Research Center
Hampton, VA 23665

505-09-13-01

¥
" 11. Cantract or Grant No.

13. Type of Report and Period Covered

12 Sponsoring Agency Name and Address

Washington, DC 20546

National Aeronautics and Space Administration

Technical Memorandum

14 Sponsoring Agency Code

15. Supplementary Notes . .
*Acoustics and Noise Reduction Division

W. H. Mayes, H. F. Scholl,
D. G. Stephens, B. G. Holliday

*Instrument Research Division
R. Deloach, T. D. Finley,
H. K. Holmes, R. B. Lewis, J. W. Lynch

16 Abstract

operations,

The National Aeronautics and Space Administration (NASA) conducted a series of
studies to assess the noise-induced building vibrations associated with Concorde
The vibration levels of windows, walls, and floors were measured along with
the associated noise levels of Concorde, subsonic aircraft and some nonaircraft events.
Test sites included Sully Plantation which is adjacent to International Airport Dulles
(IAD) and three residential homes located in Montgomery County, Maryland. The
measured vibration response levels due to Concorde operations were:

o higher than the levels due to other aircraft

o less than the levels due to certain household events which involve direct
impulsive Toading such as door and window closing

o less than criteria levels for building damage

o comparable to leveis which are perceptible to people

17 Key Words (Suggested by Author(s})
Noise, Building Vibrations,
Structural Response to Noise

71

18 Osstraibution Statement

(RPN W

19 Security Classif. (of thug report)

Unclassified Unclascified

20 Security Clasuf (of this page)

Unclassified
Unlimited
21, No. of Pages 22. Price’
17 $3.50

‘FmsueWtMNmmmrhmmmlmMmmmn&ww&Smmywm Virginia 2216}



